Fifteen yellow maize inbred lines derived from different hetrotic group were used in this study. In 2016 growing season the fifteen inbred lines were top-crossed to each of two testers In 2017 season, 30 top-crosses along with four commercial check hybrids were evaluated in replicated yield trails conducted at Sakha and Mallawy. Data were recorded for days to 50% silking, plant and ear height and grain yield.
INTRODUCTION
Maize (Zea mays L.) is one of the three most important cereal crops in the world together with wheat and rice. The top-cross procedures suggested by Davis (1927) were used to evaluate the combining ability of inbred lines to determine the usefulness of the lines for hybrid development. Line x tester analysis is an extension of this method in which several testers are used (Kempthorne 1957) . Line x tester analysis provides information about general and specific combining ability of parents and at the same time it is helpful in estimating various typed of gene action (Singh and Chaudhary 1985) . The concepts of general combining ability (GCA) and specific combining ability (SCA) defined by Sprague and Tatum (1942) have been used extensively in breeding of several economic crop species. For maize yield, they found that GCA was relatively more important than SCA for non selected inbred lines, whereas SCA was more important than GCA for previously selected lines. Rojas and Sprague (1952) compared estimates of the variances of GCA and SCA for yield and their interaction with locations and years. They stressed that the variance of SCA includes not only the nonadditive deviations due to dominance and epistasis but also a considerable portion of the genotype x environment interaction. The concepts of GCA and SCA became useful for characterization of inbred lines in crosses and often have been included in the description of an inbred line (Hallauer and Miranda Filho 1988) . Jayakumar and Sundaram (2007) reported that the specific combining ability variances were higher than the general combining ability variances for days to 50% silking, number of grains per row and grain yield. Almanie et al. (2006) , Todkar and Navale (2006) , Dar et al. (2007) and Abd El-Moula and Abd El-Aal (2009) reported similar results.
The main objectives of this study were to (1) to identify the best inbred lines for general combining ability, (2) to identify the best crosses regarding the specific combining ability for grain yield and other traits and to (3) to determine the different types of gene action involved in manifestation of grain yield and other studied traits.
MATERIALS AND METHODS
Fifteen yellow maize inbred lines derived from different hetrotic group through selection in disease nursery field at Mallawy Agricultural Research Station were used in this study. In 2016 growing season the fifteen inbred lines were top-crossed to each of the two narrow base inbred testers i.e. Mall-5035 and SC-162 at Mallawy Agric. Res. Stn. In 2017 season, 30 top-crosses along with four commercial check hybrids i.e. SC 162, SC 168, TWC 352 and TWC 360 were evaluated in replicated yield trails conducted at Sakha and Mallawy Agric. Res. Stns. A randomized complete block design with four replications was used in each location. Plot size was one row, 6 m long and 80 cm apart and hills were spaced 25 cm along the row. All cultural practice for maize production were applied as recommended. Data were recorded for days to 50% silking, plant and ear height (cm) and adjusted grain yield at 15.5% grain moisture and converted to ardab per fed (ardab = 140 kg). Analysis of variance was performed for the combined data over locations according to Steel and Torrie (1980) . Procedures of Kempthorne (1957) were performed to obtain valuable information about the combining ability of lines and testers as well as their topcrosses.
RESULTS AND DISCUSSION Analysis of variance:
Combined analyses of variance across two locations for 30 top-crosses for the studied traits are presented in Table 1 . Results showed significant differences between the two locations for all traits except for, days to 50% silking. These results revealed the presence of clear variations among the two locations in climatic and soil conditions. Mean squares due to crosses, lines and testers were highly significant for all the studied traits. Mean squares due to lines x testers were significant for all the studied traits, indicating that differed in their order of performance in crosses with each of the testers. Similar results were obtained by Castellanos et al. (1998) , Soliman and Sadek (1999) , Soliman (2000) , Venugopal et al. (2002) , Amer et al. (2003) , Abd ElMoula and Abd El-Aal (2009).
Mean squares due to crosses x location and lines x location interaction were significant for all the studied traits. Mean squares due to testers x location interaction were significant or highly significant for plant and ear height and grain yield. Mean squares due to lines x testers x locations interaction were significant for days to 50% silking, ear height and grain yield. These results are in good agreement with obtained by Shehata et al. (2001) They found that the interaction of lines x testers x locations was insignificant for grain yield and yield components. The magnitude of mean squares due to testers were higher than of lines for all the studied traits, indicating that the tester contributed much more in the total variation for all the studied traits. Also the mean squares due to testers x locations were higher than of lines x locations for all the studied traits, except days to 50% silking, indicating that the testers were more affected by the environmental conditions than the lines. These results are in agreement with obtained by Gado et al. (2000) , ElMorshidy et al. (2003) , Abd El-Moula and Ahmed 
Mean performance:
Mean performance of the 30 top-crosses for all the studied traits are presented in Table 2 . For days to 50% silking 14 single and 12 three-way crosses were significantly earlier than the earliest check hybrids SC-168 and TWC-352, respectively. The earliest crosses were L-2 x Mall.5035, L-2 x SC-162, while the latest crosses were L-8 x Mall-5035 and L-2 x SC-162. In general, the crosses involving inbred lines Mall.5035 as tester flowered earlier than those involving tester SC-162. Regarding plant height,crosses ranged from 228.62 for cross L-9 x Mall.5035 to 267.62 cm for cross L-12 x SC-162. There were 10 single crosses significantly shorter than check hybrid (S'C168).
AS For, ear height,the studied crosses ranged from 115.37 for cross L-5 x Mall.5035 to 149.00 cm for cross L-10 x SC-162. There were 9 single and 2 three-way crosses had significantly lower ear height than the check hybrids SC 168 and TWC-352, respectively. The crosses involving the inbred tester Mall.5035 had significantly short plant and low ear height comparing with the crosses, which involving the tester SC-162.
Concerning grain yield, results showed that the crosses involving Mall.5035 as a tester tended to have higher values of grain yield than those of SC-162 as a tester. Grain yield ranged from 26. General and specific combining ability effects: General combining ability effects are presented in Table 3 . For days to 50% silking there were 6 inbred lines had significant GCA effects. Out of these inbred lines I.e; L-1, L-2 and L-7 exhibited negative and significant GCA effects. These inbred lines are considered best inbred lines for earliness. Concerning plant height, the inbred lines no. 4, 9 and 15 manifested negative and significant GCA effects. Regarding ear height, inbred lines L-1, L-2, L-4, L-5 and L-15 had negative and significant GCA effects. Five inbred lines i.e. L-1, L-2, L-4, L-8 and L-11 possessed positive and significant or highly significant GCA effects for grain yield, indicating that they have favorable genes and are best combiners for grain yield. *' ** significant at 0.05 and 0.01 levels of probability, respectively. Data showed that the tester inbred lines Mall.5035 were more favorable effect than SC-162 for earliness, plant height, ear height and grain yield. The tester inbred line Mall.5035 had positive and highly significant GCA effects and could be considered as good combiners for grain yield.
Specific combining ability effects of 30 topcrosses for all the studied traits are presented in table 4 . Results showed that, one cross (L-7 x Mall.5035) for plant height and crosses (L-4 x SC-162), (L-10 x Mall.5035) and (L-14 x SC-162) for ear height had negative and significant SCA effects . For grain yield, there are six crosses (L-1, L-8 and L-10 x Mall.5035 and L-3, L-5 and L-13 X SC-162) had positive and significant or highly significant SCA effects with values of 1.109, 2.091, 1.275, 1.202, 1.374 and 2.147, respectively.
Variance components:
Estimates of combining ability variances σ 2 GCA for lines, σ 2 SCA for line x tester and their interactions with environments are presented in Table 5 . The results showed that, σ 2 GCA-T was higher than σ 2 GCA-L for days to 50% silking, plant and ear height, indicating that most of GCA variance was due to testers for these traits. The magnitude of σ 2 GCA (average) was larger than that obtained for σ 2 SCA for days to 50% silking, plant height, ear height and grain yield, indicating that the additive gene action played an important role in the inheritance of these traits. Khalil et al (2016) illustrated that the additive gene effects played the major role in the inheritance of days to 50% silking and grain yield. Jayakumar and Sundaram (2007) reported that the specific combining ability variances were higher than the general combining ability variances for days to 50% silking, number of grains per row and grain yield. Almanie et al. (2006), Todkar and Naval (2006) , Dar et al. (2007) and Abd El-Moula and Abd El-Aal (2009) reported similar results.
Furthermore, the magnitude of σ 2 GCA x E interaction was higher than σ 2 SCA x E for plant height, indicating that the non-additive type of gene action was more affected than the additive type of gene action by environment in this traits. These results are in a good agreement with those obtained by El-Itriby et al (1990) , El-Zeir et al (2000) and Soliman et al (2001) . On the other side, the magnitude of σ 2 SCA x E interaction was higher than σ 2 GCA x E for days to 50% silking, ear height and grain yield indicating that the additive type of gene action were more affected by environment than non-additive ones. These results are in a good agreement with those obtained by Sadek et al. (2000) , Soliman et al. (2001 ), Abd El-Moula et al. (2004 and Amer and El-Shenawy (2007) . They found that the magnitude of σ 2 SCA x E interaction was higher than that of σ 2 GCA x E interaction. All negative estimates of variance were considered equal zero.
